We study the structural properties of some nuclei in the region of light mass using simple effective interaction in the frame work of microscopic non relativistic Hartree-Fock and relativistic mean field formalisms. For the reaction dynamics, well known Glauber model is used with the conjunctions of the densities obtained from these formalisms. We observe good agreement of results by both the formalisms in comparison to the experimental values. These two different approaches seems to be equally capable to reproduce the ground state properties of nuclei in this region. A careful study of reaction dynamics suggest the superiority of relativistic mean field over the Hartree-Fock with simple effective interaction densities. But good agreement of reaction cross section is appeared with simple effective interaction density for halo nuclear systems. The possibility of existence of bubble nuclei are also studied using both the formalisms.
I. INTRODUCTION
The total reaction/interaction cross section measurements of nuclei at intermediate energy range has been extensively used to investigate the size of nucleus and distribution of nucleon in side the nucleus by the nuclear science community from more than one century [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The availability of heavy ion beams in intermediate energy range makes possible to explore the structures of nuclei over the wide range in nuclear chart. The advancement in radioactive ion beam facility (RIB) in this energy range at various laboratories over the globe open up new opportunities to investigate some new exotic phenomenon. The study of such exotic nuclei specially those towards the dripline and the investigation of extended dripline are some of the current interest [17] [18] [19] . Although earlier the dripline is well established for 24 O which is a doubly magic nuclei. The neutron separation energy and interaction measurement for p − sd and sd shell region suggest the new magic number of N=16 [20] which is supported by Hoffman in Ref. [21] . The measurement of 40 Mg and 42 Al [22] beyond the dripline given by various mass formulae challenge the earlier predictions and still the investigation of dripline is a new challenge for both the nuclear theoretician and experimentalist. Apart from it the one most exotic phenomenon is the investigation of neutron and proton halo feature of some nuclei, which occurs due to the extremely weak bound neutrons that decouple from the nuclear core [10, 23] . Recently, a new member 31 N e is included in the family of neutron halo [24, 25] . The isotope 31 N e having N=21, breaks the shell closure structure and in consequence, a large amount of deformation gets associated with the strong intruder configuration and eventually this nuclear system lie at island of inversion (IOI) [26] . The investigation of nuclear systems at IOI is also be one of the current interest. The measurement of nuclear reaction cross-section for 19,20,22 C [27, 28] shows that the drip-line nucleus 22 C has a halo. The one and two neutron removal cross sections and momentum distribution also support the halo behavior of 22 C. The 22 C has N = 16 which is a new magic number in neutron-rich nuclei [20, 29] and forms a Borromean halo structure ( 21 C is unstable).The direct time of flight mass measurement technique suggest 19 B, 22 C, 29 F and 34 Na are as Borromean dripline nuclei [30] . Another interesting phenomenon has been found in these days is the bubble structure of some nuclei like 22 O, 23 F, 34 Si, 36 S, 36 Ar, 46 Ar, 84 Se, 134 Ce, 174 Yb, 200 Hg etc. [31, 32] . The idea of bubble effect had been given by Wilson [33] . The possibility of formation of bubble nuclei has been studied by different nuclear models. The microscopic calculations using Skyrme Hartree-Fock (SHF) formalism have been carried for the investigation of this effect in Refs. [34] [35] [36] . Recently the relativistic and non relativistic mean field formalisms are used to investigate bubble effect in light [37] and superheavy region [38] . This effect also influence the reaction cross section of exotic nuclear systems. The work done in Ref. [39] using the recently proposed simple effective interaction (SEI) in non relativistic mean field approach [40] , successfully shows the good results of reaction cross sections for halo nuclear systems, which motivate us to see the reaction cross section for low mass region using this approach. For comparison, we used the well known relativistic mean field (RMF) densities using NL3 parameter set. The paper is organized as, Section I consists of a brief introduction and Section II contains description of formalisms for relativistic and non relativistic mean field along with the Glauber model. The calculations and results are presented in Section III. The predictability of HF(SEI) model to explore the different features of nuclei are included in this section. Finally the summary and conclusions are outlined in Section IV.
II. THE FORMALISM
The bulk properties are very important for the study of the characteristics of nuclei. In this regards, well known relativistic mean field (RMF) and non relativistic mean field with newly developed simple effective interaction (SEI) are used. The well known Glauber approach is used here for the study of reaction dynamics for some light mass nuclei [41] [42] [43] . The study of reaction dynamics by this approach strongly depends on the densities of the projectile and target nuclei. We use densities from axially deformed (Def.) as well as spherically (Sph.) symmetric RMF formalisms. As we seen in our earlier calculation [44] , the reaction cross section obtained from densities are parameters dependent upto some extent. So we used here, same set of parameter NL3 [45] in order to see the effect of deformations on reaction dynamics. The deformation effect is included in σ R through densities of projectile and target nuclei by taking axially deformed RMF(NL3) densities. The same reaction study has been done by taking spherically symmetric densities from similar formalism for the sake of comparisons. We compare the results obtained from both relativistic mean field and non relativistic HF(SEI) densities. The simple effective interaction (SEI) with parametrization [40] are developed with non relativistic microscopic Hartree-Fock mean field theory. The detail about these formalisms and interaction parameters can be found in Refs. [45] and [40] for RMF and SEI, respectively. Here we used the densities from two different microscopic mean field formalisms to study their effect on the reaction dynamics.
A. Hartree-Fock with simple effective interactions
The simple effective interaction (SEI) alike to a hybrid of Gogny and Skyrme is used to study the bulk properties of finite nuclei with in the frame work of Hartree-Fock (HF) formalism. The form of simple effective interaction (SEI) is given by [40] ν ef f (r) = t 0 (1 + x 0 P σ )δ(r)
where, f (r) is the functional form of the finite range interaction in term of Gaussian function f (r) = e −r 2 /α 2 which contain a single range parameter α. The other terms having their usual meaning [40] . The Hamiltonian density functional using simple effective interaction is written as
Where K = 2 2m (τ n + τ p ) is the kinetic energy term with τ n and τ p are the proton and neutron kinetic energy densities of nucleus. The second term of the Hamiltonian is the nuclear contribution which contain the direct and exchange part. The direct contribution of nuclear energy density comes from the central part of the effective interaction. The third term is the spin-orbit interaction written as
The fourth terms is due to Coulomb interaction which contains both direct and exchange terms given by
The last term of the equation arises from the zero range part of the SEI, which plays the role of residual correlation energy.
Here ρ n , ρ p , ρ, J n , J p and J are the neutron, proton and total nuclear and current densities respectively. The 12 parameters γ, b, t 0 , t 3 , x 0 , x 3 , W , B, H, M , α and W 0 are used for the calculation of ground state properties. The detailed procedure of calculations for ground state properties like binding energy, charge radius, nuclear matter radius etc. and parameters has been in Ref. [40] .
B. Relativistic mean field Lagrangian density
The relativistic mean field formalism is well documented in Refs. [46] [47] [48] [49] [50] . The basic ingredient of RMF model is the relativistic Lagrangian density for a nucleonmeson many body system which is defined as [46] [47] [48] 
Here σ, V µ and − → R µ are the fields for σ-, ω-and ρ-meson respectively. A µ is the electromagnetic field. The ψ i are the Dirac spinors for the nucleons whose third component of isospin is denoted by τ 3i . g s , g ω , g ρ and
are the coupling constants for the linear term of σ-, ω-and ρ-mesons and photons respectively. g 2 and g 3 are the parameters for the non-linear terms of the σ-meson. M, m σ , m ω and m ρ are the masses of the nucleons, σ-, ω-and ρ-mesons, respectively. Ω µν , − → B µν and F µν are the field tensors for the V µ , − → R µ and the photon fields, respectively. Now we used two assumptions, first the nucleons are moving inside the nucleus in spherically symmetric potential. In this case, the large and small component of Dirac spinor ψ i are expanded separately in terms of radial function of a spherical harmonic oscillator potential and in second assumption, the nucleons are moving in non spherical symmetric potential. In this case the large and small component of Dirac spinor are expanded in axial symmetric manner in term of deformed harmonic oscillator potential by taking volume conservation into account. The set of Dirac and Klein-Gorden equation are solved by these two assumptions to obtain the bulk properties of nuclei. The quadrupole moment deformation parameter (β 2 ), root mean square radii (r m ) and binding energy (B.E.) are evaluated using the standard relations [48] .
C. Glauber Model

(i) Reaction cross section
The theoretical formalism to study the reaction cross sections using the Glauber approach has been given by R. J. Glauber [5, 41] . The nucleus-nucleus elastic scattering amplitude is written as
At low energy, this model is modified in order to take care of finite range effects in the profile function and Coulomb modified trajectories. The elastic scattering amplitude including the Coulomb interaction is expressed as
with the Coulomb elastic scattering amplitude
where K is the momentum of projectile and q is the momentum transferred from the projectile to the target. Here η = Z P Z T e 2 / v is the Sommerfeld parameter, v is the incident velocity of the projectile, and χ s = −2η ln(2Ka) with a being a screening radius. The elastic differential cross section is given by
The standard Glauber form for total reaction cross sections is expressed as [41, 42] 
where 'T(b)' is the Transparency function with impact parameter 'b'. The function T(b) is calculated by
Here, the summation indices i, j run over proton and neutron and subscript 'p' and 't' refers to projectile and target respectively. σ ij is the experimental nucleon-nucleon reaction cross-section which depends on the energy. The z-integrated densities are defined as
with ω 2 = x 2 + y 2 . Initially Glauber model was designed for the high energy approximation. However it was found to work reasonably well for both the nucleus-nucleus reaction and the differential elastic cross-sections over a broad energy range [43, 51] . The modified transparency function T(b) is given by
The profile function Γ N N for optical limit approximation is defined as
for finite range and
for zero range with
is the impact parameter. Where − → s and − → t are the dummy variables for integration over the z-integrated target and projectile densities. The parameters σ N N , α N N and β N N are usually depends upon the proton-proton, neutron-neutron and proton-neutron interactions.
III. CALCULATIONS AND RESULTS
A. Ground state properties
The RMF(NL3) and HF(SEI) explain the nuclear properties like B.E. and rms radii reasonably well for almost all nuclei in the periodic chart. We use these sets to discuss the bulk properties of the considered nuclei. Table I , it can be concluded that both the formalisms are capable to reproduce the experimental data for the considered nuclei.
Charge radius
The calculated root mean square charge radius (r c ) of projectile and target nuclei from both RMF(NL3) and non relativistic HF(SEI-I) mean field theories are presented in Table I . The experimental data are also given for comparison wherever available [54] . The rms proton radius r p is obtained from the distribution of point protons inside the nucleus. The charge radius r c is calculated by taking the finite size 0.8 fm of the proton, which is evaluated from the formula r c = r 2 p + 0.06 [48] 3. Quadrupole deformation parameter β2 Figure 1 shows the quadrupole deformation parameter (β 2 ) of considered cases of nuclei obtained from RMF(NL3) formalism as a function of their neutron numbers of the isotopes. Table I also presents the values of deformation along with the experimental values which are available. The negative β 2 values of nuclei in Table  I signifies its oblate deformation where as positive values of prolate deformation and zero value of spherical nature. It is worthy to mention that the NL3 parameter set does not give a converged solution for many of the light nuclei as such. To get a converged result for such cases, we change the pairing strength △ n,p slightly in the BCSpairing approach. As a result, we compromise a bit in the quadrupole deformation. 
B. Bubble nuclei
The bubble effect is appeared in some of the nuclei, where the density of nucleus is depleted at central part. The main mechanism for the formation of bubble nuclei is the lack of particles in the centre of nucleus which causes the s levels to be less bound than observed in the usual cases with the uniform density distribution. If the particles rise high enough in energy, highest s levels will be empty, hence depletion of central density of particles takes place as a consequence, the radius of the nucleus increases. The depleted density of nuclei has been measured in term of depletion factor (D. F.) defined as [31] 
where ρ max and ρ cen represent the values of maximum and the central density. 34 Si and 46 Ar from our study.
C. Total reaction cross section
The main ingredient of the Glauber model is the densities of projectile and target nuclei. The densities from the well known RMF with NL3 parameter are used from both axially deformed and spherically symmetric formalisms along with the densities of HF(SEI-I). As our earlier work increase curiosity to see the effect of simple effective interaction on reaction dynamics. We need these densities in terms of the Gaussian coefficients for the investigation of reaction dynamics. We converted these densities of HF(SEI), Sph. RMF(NL3) as well as Def. RMF(NL3) in term of Gaussian coefficients as dependent. Table IV contains these energy dependent parameters over energy range (230-1020)MeV/A. These parameters have been estimated by using the spline interpolation of values as suggested in Ref. [56] .
The calculated values of reaction cross sections for considered nuclei using the HF(SEI), Sph. RMF(NL3)and Def. RMF(NL3) densities are presented in the TABLE V. The calculated vales of reaction cross sections are also compared with the experimental data. It seen from the TABLE, the σ R obtained from both relativistic and nonrelativistic formalisms are well comparable with the experimental observation. To analysis of the observation we used the χ 2 fitting. The chi-square fitting (χ 2 -fitting) can be defined as
The Ar nuclei as a function of projectile energy (E proj ) over the energy range of (30-1000) MeV/Nucleon. The value of σ R has higher value at small E proj and start decreasing upto the energy range of 300 MeV/nucleon. Small enhancement in σ R is observed upto the range of 750 MeV/nucleon and after that, it remains constant. The observation from the table shows the values of σ R obtained from the HF(SEI) densities are slightly higher than the other densities. The value of σ R also increases by equal proportion in their isotopic chain as a mass number for both cases of HF(SEI) and Sph. RMF(NL3) densities. But some disorder in increase of the σ R is appeared for the case Def. RMF(NL3) densities. This effect may be because of the role of deformation in σ R .
IV. SUMMARY AND CONCLUSIONS
In summary, we study the structural properties and σ R for Ar nuclei using the densities from the non relativistic Hartree-Fock with simple effective interaction as well as relativistic mean field formalism. The bulk properties like binding energy, charge radius and quadrupole deformation parameter β 2 are studied with these formalisms which shows good agreement with the experimental data. Bubble effects for some of the nuclei like 22 O, 23 F, 34 Si and 46 Ar are appeared by our study. Such effects are required on nuclear structure and reaction studies in dripline as well as superheavy region. The σ R obtained with the RMF formalism shows better results as compare to the non relativistic HF(SEI) densities for general cases. But the remarkable agreement is appeared with HF(SEI) densities for the halo nuclear systems as compare to RMF densities. In general, we found both the formalisms are equally capable for the study of structure and reaction dynamics for most of the nuclear systems in the light mass region. It needs further investigations to see effect of these formalisms on other nuclear systems in both medium and heavy mass regions. 
